TU Delft

Delft University of Technology

PB2000-103716

AU

Further design and seakeeping
investigations into "Enlarged
Ship Concept”

J.A. Keuning and Jakob Pinkster
Report 1090-P March 1997
Fourth International Conference on Fast Sea

Transportation FAST'97,
Sydney, Australia, 21, 22 and 23 July 1997

REPRODUCED BY: NTIS.

_U.S. Department of Commerce

Te Service
Springfield, Virginia 22161

Faculty of Mechanical Engineering and Marine Technology

Ship Hydromechanics Laboratory






FOURTH
INTERNATIONAL
CONFERENCE
ON FAST SEA
TRANSPORTATION

SYDNEY, AUSTRALIA

JULY 21 = 23, 1997

CONFERENCE PAPERS
o
VOLUME ONE

PUBLISHED BY

[BAIRDJ

PUBILICATIONS

10 Oxford Street, South Yarra
Victoria 3141 Australia
PH: +61 3 9826 8741
FX: +61 3 9827 0704

4A Carmelite Street
London EC4Y OBN United Kingdom
PH: +44 171 353 1085
FX: +44 171 353 1084

NTIS is authorized to reproduce and self this
report. Permission for further reproduction

must be obtained from the copyright owner. © Cooyright 1997 Baird Publications Ltd






CONTENIS

. VOLUME ONE .

CONCEPTS 1

INTRODUCTION

Kjell O Holden Xi
International Chairman’s Introduction

Don Lennard Xii
National Chairman’s Introduction
Neil Baird Xiv

Chairman and Editor-in-Ch/ef Baird Publications
Introduction

OPENING ADDRESS

Aneurin Hughes 1
The Future of European Shipping Policy

DEFENCE VESSELS

Andrew Williamson, Alex Tewes 5
Implications for the Royal Australian Navy of Very High
Speed Marine Vessels

Ross Babbage, Tony Armstrong, Ray Toran, 1
Joe Blansjaar

Military Fast Vessels for Australia

RULES AND REGULATIONS 1

lan Williams 21
The Development and Subsequent Review of the
International High Speed Craft Code

Michael Fan, Miles Pinchin 27

Structural Design of High Speed Craft —a Comparative
Study of Classification Requirements

NUMERICAL ANALYSIS 1

Hideo Orihara, Hideaki Miyata 35

CFD Simulation of a Semi-Planing Boat
in Unsteady Motion

Damien Holloway, Michael Davis 43

Seakeeping Response of a Family
of Semi-Swath Hull Forms

WATERIJETS 1

Stephen Turnock; A W Hughes, R Moss, A f Malland 51
Investigation of Hull-Waterjet Flow Interaction

Alexander Day, Lawrence Doctors, Neville Armstrong 65
Concept Evaluation for Large, Very High Speed Vessels

A F Molland, T Karayannis, P R Couser 77
Concept Exploration and Assessment '

of Alternative High Speed Ferry Types

M Basin, Robert Latorre 85

Development of High Speed Crart With
Aero-Hydrodynamics Support

STRUCTURAL DESIGNM

Owen Hughes 91

Two First Principles Structural Designs of a Fast Ferry
- All-Aluminium and All-Composite

Mahmood Hossain, Mahiuddin Chowdhury 99
A Beam Model for the Analysis of Hull Girder

of Open Deck Fast Ships

Paul Yakimoff 107

State-of-the-Art Computer Simulation for Structurat
Analysis of High Speed Catamarans

Tommaso Coppola, Ernesto Fasano, 115
Masino Mandarino, Armando Turtoro

The Restrained Warping Applied to Catamarans

HULL FORM, RESISTANCE AND
APPENDAGES 1

Som Deo Sharma, Xue-Nong Chen 125
Novel Cambered-Hull Catamaran for High Speed

in Shaflow Water

Gregory Walker, Anders Fougner, Simon Younger, 133
Tim Roberts

Aerodynamics of High Speed Multihull Craft

Choung Mook Lee, Sang Joon Lee, Young GiKim 139
Effect of Free Surface on Lift Characteristics on Fins
Attached to a Strut

Keh-Sik Min, Seon-Hyung Kang 145

Systematic Study on the Hull Form Design and the
Resistance Prediction of the Displacement-Type Super-
High-Speed Ships (HMR! Super-High-Speed Ship Series)

PROPULSION 1

Donalid Blount 151
Design of Propeller Tunnels for High Speed Craft

Gregory Seil, Clive Fletcher, Lawrence Doctors 59 UIf Dieter Ulken 157
Optimisation of Water-Jet infets Using FRP Technology for Propulsion Systems in

Computational Fluid Dynamics High Speed Craft

I Please note: Throughout the contents pages the names in boid type are thosa of the presenting author of the particular paver. J

FAST '97 PAPERS v



CUNIENID

PROPULSION 1 (continued)

Antonio S&nchez-Caja 167

Partially Submerged Propellers on Fast Large Ships
- and Analysis Theory

Mario Caponnetto, Philio Rolla, Marzio Porro 175

A New Propeller Design Method for Fast Planing
Boat Applications

KEYNOTE ADDRESS

Tor-Christian Mathiesen 187
High Speed Light Crart — a Safe Transportation Concept

MONOHULLS AND HYBRIDS 1

Giorgio Trincas, lgor Zotti, Octav Kahu, 191
Stefan Totolici

Multicriterial Design of Fast Monohulls for the Adriatic
Shortsea Shipping Network
J A Keuning, Jakob Pinkster 201

Further Design and Seakeeping Investigations [nto the
“Enlarged Ship Concept”

STRUCTURAL DESIGN: FATIGUE 1

A Fyfe, G L Hawkins, R A Shenoi, W G Price, 209
P Temarel, P } Read, J Kecsmar

Fatigue Performance of Welded Aluminium Tee
Connections

Albert Fredriksen 217
Fatigue Aspects of High Speed Crart

OPTIMISATION 1

Heinrich Séding 225
Drastic Resistance Reductions in Catamarans

by Staggered Hulls

Grant Hearn, Peter Wright 231

Seakeeping for Design: Optimisation of Motion
Responses and Wave-Making Resistance of
Catarnarans via the Application of a Genetic Algorithm

OPERATIONS 1

Tony White 241
High Speed Ferry Operators on a Global Circuit
Geoffrey Ede 245

Air Cushion Vehicles — Hovercraft

MONOHULLS AND HYBRIDS 2

Heikki Sipild, Anthony Brown 247

Application of the Slender Monohuil in High Speed
Container Vessels

vi FAST '97 PAPERS

STRUCTURAL DESIGN: FATIGUE 2

Are Johan Berstad, Carl M Larsen 253
Fatique Crack Growth in the Huil Structure

of High Speed Vessals

L A Hicks, S D Clark, R A Shenoi, H G Allen, 263
R M Cripps

Fatigue Assesment of High Performance Smaif Craft
Incorporating FRP Sandwich Materials

OPTIMISATION 2

X8}

Andreas Flehmke, Armin Jesse, Jirgen Jokat, 25
Thomas Schellin

Hydrodynamics, Structural Optimisation and
Noise Control of a Fast Mononull Ferry Design

OPERATIONS 2

Roger Syms 277
Specifically Designed High Speed Simulation

and the Future of High Speed Training at the

Australian Maritime College

HYDROFOILS

Peter Payne 283
On the Maximum Speed of the Dynafoil

Frans van Walree 291
A New Computational Method for the

Hydrodynamic Performance of Hydroroil Craft

Kourosh Koushan, Claus Kruppa 299

Channel Corrections for Mode! Experiments
With Hydrofoils

TESTING TECHNIQUES 1

Tim Roberts, Nigel Watson, Michael Davis 311
Evaluation of Sea Loads in High Speed Catamarans

Kari Kyyrd, Matti Hakala, Heikki Helasharju, 317
Antti Rantanen, Timo Holopainen

Determination of Structural Dimensioning Loads of & fast
Catamaran Using Rigid-Backbone Segmented Mode!
Testing Technique

Fai Cheng 325

Some Results Ffrom LR’s Open Water Model
Experiments for High Speed Craft

HYDRODYNAMICS: VMIONOHULLS

Susanne Abrahamsson 333
Design Parameters Influencing the Manceuvrability of
Waterfet Propelled Vessels

Stefan Harries, Detlef Schulze 339
Numerical Investigation of a Systematic Model

Series for the Design of Fast Monohuils

Kim Branner, Bengt Sangberg 349

Hydrodynamic Behaviour, Comparison and Load
Application Concerning a Transatlantic High Speed
Container Vessel



ECONOMICS

Jirgen Isensee, Voiker Betram, Harald Keil 361
Energy Efficiency and Pollution: a Comparison of Ships
and Other Vehicles

Hiroharu Kato 367
Performance of High Speed Craft in Comparison With
Aircraft

William Hockberger 373
An Economic Framework for Fast Ferry Selection

SAFETY 1

Chengi Kuo 381
Application of the Safety Case Concept

to High Speed Craft

Alexander Bogdanov, Alexander Maskalik 387

To the Question on Safety Criteria for a New Fast Sea
Transport Means - An Ekranoplan

Oi-Hyun Kim, lck-Hung Choe, Jae-Hyun Kim, 391
Joon-Mo Choung

Bow Collision Analysis of High Speed Passenger Craft

Adam Brumley, Leonard Koss 397

The Need for Statistics on the Human Behaviour of
Passengers During the Evacuation of High Speed Craft

SLAMMING

Emmanuel Fontaine, Stéphane Cordier 405
Recent Experience Using High Speed Slender Body Theory

Manolis Samuelides, Georgios Katsaounis 413
Experimental Modelling of Wet-Deck Slamming

IV} iYW

SLAMMING {continued)

Elin Marita Haugen, Odd Faltinsen, 423
Jan Vidar Aarsnes

Aoplication of Theoretical and Experimental Studies of
Wave Impact to Wetdeck Slamming

Rong Zhao, Odd Faltinsen, Herbjorn Haslum 431
a Simplified Non-Linear Analysis of a High-Speed

Planing Craft in Calm Water

MOTIONS AND STRUCTURAL LOADS

Riaan van’t Veer 439
Analysis of Motions and Loads on a Catamaran

Vessel in Regular and irreqular Waves

Ole Hermundstad, Jan Aarsnes, Torgier Moan 447
Hydroelastic Analysis of High Speed Catamarans in
Irreqular Waves '

David Kring, D A Mantzaris, G 8 Tcheou, 455
P D Sclavounos

A Time-Domain Seakeeping Simulation for Fast Ships

Martin Renilson, Vincent Anderson 436
Deck Diving of Catamarans in Following Seas '

ENVIRONMENT

Henrik Kofoed-Hansen, Arne Christian Mikkelsen 471
Wake Wash from Fast Ferries in Denmark

John @degaard, Ole Winther Nielsen, Allan Gosling 479
External Noise From Fast Ferries

Thomas Ibbott, Michael Davis, Will Trondl, 485
Timothy Roberts .-

Performance of High Speed Solar Catamarans

John Miilett, Colin Anderson 493
Fighting Fast Ferry Fouling

KEYNOTE ADDRESS

Arne Osmundsvaag 497
Fundamentals of the Fast Ferry Market

WIGS 1

Syozo Kubo, Kirill Rozhdestvensky 503
An Outfine of Conceptual Design and Feasibility Analysis
of a Flying Wing Configuration on the Basis of Extreme
Ground Effect Theory

Ho Hwan Chun, Chong Hee Chang, 513
Kwang June Paik, Shin ik Chang

Preliminary Design of a 20 Passenger Parwig Craft and
Construction of a 1/10 Scale Radio Controlled Mode/

RULES AND REGULATIONS 2

Per Werenskiold 521
Evaluation and Quantification of the Hsc Safety for
Approval and Operational Purposes

Robert Curry, Todd Grove, Andrew Mak 527

Revised Classification Requirements for the Design
and Construction of the Latest Generation of
High Speed Ferries

NUMERICAL ANMALYSIS 2

Lars Larsson, Cari-Erik Janson, Philippe Brun 537
A Numerical Investigation of Trimaran Configurations

FAST '97 PAPERS vii



NUMERICAL ANALYSIS 2 {continued)

Menmet Atlar, Farhad Kenevissi, Ehsan Mesbahi, 545
Tony Roskilly

Alternative Time Domain Technigues for Multi-Hull
Motion Response Prediction

NMATERIALS 1

Hisashi Ito, Kota Shibasaki, Motonori Matsuo, 553
Akiyoshi Mizuta, Hironori Sugimoto

Cavitation Erosion Tests of High Tensile Stainless Steels for
the Techno-Superliner (TSL-F) Hulls
Derek Russell, Richard Jones, lan Jones 559

Developments in Welding Techniques for
Aluminium Alloys

WIGS 2

Myung-Soo Shin, Seung-il Yang, Young-Ryeol Joo, 565
Sang-Keun Kim, Young-Soo Bae, Jeong-Hwan Kim,
Ho-Hwan Chun

Wind Tunnef Test Results for Eight and Twenty Passenger
Class Wing-in-Ground Effect Ships

RULES AND REGULATIONS 3

Ronald Lokites, Chris McKesson 571

High Speed Vessels in the USA: An Introduction to the
United States’ Regulatory Environment

NUMERICAL ANALYSIS 3

Dario Bruzzone, Pasquale Cassella, Claudio Pensa, 581
Antonio Scamardella, Igor Zotti

On the Hydrodynamic Characteristics of a High-Speed
Catamaran With Round-Bilge Hull: Wave Resistence and
Wave Pattern Experimental Tests and Numerical
Calculations

MATERIALS 2

Ronnal Reichard, Thomas Neyhart 591
Devolopment of a Composite Superstructure System:

A Joint US Government/industry Project

Michael O’Donnell 599

Polymide Foam Marine insulation Systems —
Weight Reduction in Non-Structural Systems for
Weight Sensitive Marine Vessels

KEYNOTE ADDRESS

Alice White 607
Crisis Management

viii FAST '97 PAPERS

CONCEPTS 2

Kazuo Suzuki, Yuji Nakata, Mitsuhisa lkenata, 611
Hisashi Kai

Numerical Prediction on Wave Making Resistance of High
Speed Trimaran

Christine Schieicher, Dean Schleicher, 623
lohn Zseleczky )
Investigation of a Hybrid Wave Piercing Planing Hull Form

STRUCTURAL DESIGN: FATIGUE 3

S Di, Don Kelly, D Kastak, M Chowdhury, P Goss, 629
Avraham Berkovits

Development of Generic Ship Modefs for the Study of
Fatigue in Welded Aluminium Catamaran Structures

Bard Wathne Tveiten, Torgeir Moan 637
Fatigue of Aluminium Stiffener-Girder Connections

OPTIMISATION 3

L Lazauskas, Ernie Tuck 647
Low Drag Muitihulls for Sporting, Commercial

and Military Applications

Dugald Peacock, Warren Smith, Prabhat Pal 653

Minimal Ship Motion Hull-Form Design for High Speed
Using Multi-Criteron Optimisation Techniques

WATERJETS 2

Tom van Terwisga 661
A Parametric Propulsion Prediction Method for Waterjet
Driven Craft

Jason Roberts, Gregory Walker, Michael Davis v 669
Flow Distribution at Waterjet Intakes

Tatsuo Kashiwadani 677

On the Design Method of Waterjet Inlet for the SES
‘Meguro 2’

SURFACE EFFECT SHIPS (SES)

Dario Boote, Massimo Figari, Riccardo Damonte, 685
Raffaele laccarino

Structural Analysis Procedure for Large Size

Surface Effect Ships

Geert Kapsenberg, Dag McGeorge, Torgeir Vada 699
Global Loads on a Large Size Surface Effect Ship

Hiroomi Ozawa, Hideo Yamaga, Kazuyuki Kihara, 707
Shin Horiba

The Third Stage of TSL-A Program - TSL-A ‘Hisho’ and
Hign-Speed Cargo Handling System



TESTING TECHNIQUES 2

Nigei Watson, Michael Davis, Tom Roberts 713
Shipborne Measurement of Sea Conditions and
Seakeeping Response of High Spesd Ferries

} F Leguen, G Babaud, Etienne Thiberge 719
High Speed Monohulls — Experimental Determination of
Loads on Structure by Models and Fufl Scale Tests

Larissa Deck » 731
Design and Construction of and Open Water Tow

Testing Facility

Jacqueline Rovere 737

Catamaran Resistance From Tests on a
Single Demihull

HULL FORM, RESISTANCE AND
APPENDAGES 2

Lawrence Doctors, Alexander Day - 743
Resistance Prediction for Transom-Stern Vessels

Dominic Cusanelli, Garbor Karafiath 751
Integrated Wedge-Flap for Enhanced Powering
Performance

Patrick Couser, A F Molland, Neville Armstrong, 765
| K Utama

Calm Water Powering Predictions for High-Speed
Catamarans

James Rintoul _ 775
Minimisation of Sea-inlet Resistance of Fast Craft

CREW AND PASSENGER COMFORT

Moon Seung Kim, Ho Hwan Chun, 783
Young Ryeol Joo

Design of a High Speed Coastal Passenger Catamaran
With a Superior Seakeeping Quality

Rohan Smith, Leonard Koss 791
Motion Sickness Study on Wavepiercing Catamarans

Alan Haywood, Alec Duncan 797

Experiences Using System Identification Technigues
on High Speed Ferries

S 1K i WY S

KEYNOTE ADDRESS

Loren Rosenthal 805

An Overview of the Aviation Safety Regorting System
(ASRS)

John Rothwell 809
The Wizards of AUS

MATERIALS 3

Bjern Heoyning, Jon Taby 811

Fire Protection of Composite Vessels: Fire Protection
and Structural Integrity — An Integrated Approach

PROPULSION 2

lan Szantyr 817

Experimental Study of Surface Peircing Propellers
for a Patrol Boat

APPENDICES

Appendix A (Volumes 1 and 2)
Index of Authors

Appendix B (Volume 2 only)

Index of Presenting Authors and their contact details -

FAST "97 PAPERS ix






FURTHER DESIGN AND SEAKEEPING
INVESTIGATIONS INTO THE “ENLARGED SHIP

CONCEPT”

J A Keuning Delft University of Technology, The Netherfands
Jakob Pinkster  Delft University of Technology, The Netherlands

ABSTRACT .

improvements.

designs is also shown:

The "En/arged Sh/p Concept (ESC) as prewous/y lntroduced by Keuning and Pinkster (1995) as a serious improved fastmonohu/l
concept; is now expanded upon with subsequent mode! testing, in irregular head waves, of @ number of such design concepts.
The effect of a modified bow shape, made possible by the £SC, is also investigated and evaluated with regard to its possible
impact on operability in a seaway. Also the vesse! resistance is measured and compared with the prewous/y pred/a'ed

Parallel to the mode/ testing, calculations are carried out with both linear (SEAWAY) and non linear codes (FASTSHIP) to predict
heave and pitch motions and, in particular, the dlsmbut/on of the peak vertical accelerations. Finally, an economic: appra/sa/ of the

1 INTRODUCTION

A monohull sailing at high forward speed in head waves
may incur unacceptably high levels of vertical accelerations.
This may hamper the safe operability of the craft.

To optimise the seakeeping behaviour of one particular fast
monohull design, the authors have explored the so-cailed
“Enlarged Ship Concept”, (ESC), Keuning and Pinkster
(1995). in this concept the resistance and more in particular
the seakeeping behaviour of a vessel is optimised by
increasing the length and so increase the length to beam
ratio, reducing the running trim under speed and improving
the general layout of the ship. The wark carried out then
was based on a desk study, concerning three design concepts,
namely a base boat with two Enlarged Ship configurations.
Results from this study were very promising and favoured
the Enlarged Ship Concept.

In the present paper, the same topic is now expanded upon
further with subsequent model testing of four such design
concepts, made possible by the fact that the £5C’s are
presently of interest to the shipbuilding community of such
fast vessels in the Netherlands. included within these tests,
is the effect of a modified bow shape, made possible by
applying the Enlarged Ship Concept.

The motions of the ESC in a seaway have already been
improved by the introduction of the very specific features of
the concept, i.e. increasing length, less trim, higher length-
displacement ratio and shifting the wheelhouse relatively
aft etc., but the workability is further increased by introducing
bow modifications, i.e. reducing sectional flare and areas .

The philosophy behind these bow modifications is based on
the real world observation that the operability of fast ships
in a seaway is really limited by the (single) occurrence of
very high peak values in the vertical accelerations, either at
the bow, possible cause of structural damage or at the
wheelhouse, possibly causing human injuries. The (single)
occurrence of these very high peaks in the vertical
accelerations provokes the crew to a “voiuntary” speed
reduction to prevent it “from happening again”. This
reduction action is undertaken irrespective of the momentary
significant level of the vertical accelerations.

So, increasing the operability of a high speed vessel may be
directly coupled to avoiding these very high peak values as
much and as long as possible.

Many optimisation studies of high speed vessels however are
based on comparison of significant acceleration levels only.
This is initiated by the fact that the criteria used for the
determination of the boundaries of safe operation of these
fast vessels are generally based on the prevailing level of
significant vertical accelerations in a seaway. The Dutch
National Authority, for instance, still uses the threshold value
of av1/3 < 0.35 g at the wheelhouse for her ships. The use of
such threshold values based on the level of significant vertical
accelerations, which for a signal with Rayleigh distributed peaks
and troughs have a probability of exceedence of approximately
13.5%, would be quite acceptable if there is a well defined
relation between these and the occurrence of the extremes in
the vertical accelerations with for instance a probability of
exceedance smaller than 0.1%. For a Rayleigh distribution
this relation exists and since the surface waves are generaily
supposed to be Rayleigh distributed the same could hold true
for the vertical accelerations if a fast moving monohull in waves
is a linear system.

However it is well known that a fast moving monohuil is a
seaway is not a linear system. Therefore as shown by,
amongst others, Keuning (1994), this distribution of peaks
in the vertical acceleration is strongly dependent on hull
geometry, general arrangement and forward speed and must
therefore be determined for each individual design. On the
other hand therefore, it may also be influenced through
design optimisations.

A clear demonstrations of this is presented in figure 1, from
Qoms and Keuning (1997), in which the maximum measured
values of the vertical acceleration in the wheefhouse of a
fast Dutch pilot vessel, during a large number of full-scale
test runs of 10 minutes duration in waves, is plotted on basis
of the RMS of the same signal. The dotted line represents
the approximation based on linear theory assuming the
surface waves are Rayleigh distributed. The deviation of the
linear theory is obvious. The maximum values of the peak
accelerations {or their frequency of occurrence) is much
higher than predicted by assuming that the system of a fast
planing monohull in waves behaves linearly.
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Figure 1: Relation between vertical acceleration peaks and RMS
values

The deliberately created large area of “void space” in the
forepart of the Enlarged Ship makes it possible to modify
the bow sections in such a way that these high wave induced-
and dynamic-lift forces are lowered in an effort to reduce
the non-linear behaviour of the vessel and therewith these
very high peak values. A similar improvement is at the same
time achieved by moving the accommodation and more in
particular the wheelhouse, which retain the same physical
length on an otherwise lengthened ship in the ESC approach,

relatively backwards along the length of the ship into the -

area of smaller overall motions and accelerations;"see
Figure 2. .

LooL

1.58 L + Bow Shape

Figure 2: Base boat and aiternative £ESC designs

The best way of determining the above mentioned
distributions of vertical accelerations at different locations
on the ships is by way of model experiments. Therefore modet
tests are carried out to determine these vertical acceleration
levels encountered due to ship motions. Different wave
spectra are used during these experiments. All testing is done
in irregular waves. Additional calm water tests have also been
carried out to determine the resistance, sinkage and trim.

Motion calculations are further carried out with both linear
(SEAWAY) and non iinear codes (FASTSHIP) which have been
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developed at the Delft University of Technology, Ship
to predict these distributions and the occurrence of high
pesk vaiues.

The effect of the change in bow configuration on vertical
acceleration levels in irreqular head seas is quantified. The
overall improvement in both resistance and operabtlity, to
be achieved by applying the Enlarged Ship Concept inciuding
bow modifications is evaluated using these resuits. Economic
appraisais of the designs are also made for a given mission
profile.

2 THE “BASE BOAT"

As basic mononull, as described by Keuning and Pinkster
(1995), an existing semi-planning fast patrof boat (Royal Hong
Kong Police 'King Class’ 26 m., speed 25 knots) has again
been chosen. This vessel is a well proven design from the
Damen Shipyard Group of the Netherlands and has been
described in more detail in the aforementioned reference.
All design and functionai requirements, such as speed,
payload, accommaodations etc., for the Enlarged Ship
Concepts are based on and kept identical to those of this
base boat.

Relevant design information regarding hull form, stability
and trim, weights, building costs etc. of the basic monohull
were kindly made especially available to the authors for the
work carried out here. The main vessel design particulars
are listed in Table 1.

3 THE “ENLARGED SHIP” DESIGNS

To yield the design of the Eniarged Ship Concepts for this
study the basic Stan Patrol 2600 design, forthwith designated
“2600", is enlarged in length only. Two such designs
(alternatives “3500" and "4100") are made, each having a
length of respectively 35 m., and 41 m. Each vessal has been
increased in length by respectively 35% and S8% with
respect to the basic design. A fourth design alternative,
“TUD4100", has the same length as design alternative
“4100" and is furthermore fitted with a highly different bow
shape.

with regard to engineering of all these alternatives the
starting point was reiative data related to the base boat.
The increase in length was created by stretching the original
body plan using the respective length factors of 1.35 and
1.58. The body plan remains practically speaking the same
for the first three designs with the exception however
regarding the number of frames (frames pacing = 1 m. for
all designs computed) and their longitudinal positions. Design
“TUD4100" has, of course, different (sharper and longer)
lines in the bow. Subsequently hydrostatic particulars were
computed for the new body plans. The increase in structural
weights of all aiternatives was also computed via the original
weight data which was augmented with extra frames and
hull plating while, at the same time, taking into account the
relevant positions of the centres of gravity of all components
of the designs. The resistance and propulsion calculations
were also made for each alternative and the position of the
system centre of gravity of each design was such that a 0.5
degree trim-angle (down by the stern) at zero speed was
obtained.

Since the idea behind the Enlarged Ship Concept is equal
payload for all possible aiternatives it stands to reason that
the vessel configuration (ie. also position of accommodations,
wheelhouse etc. with respect to the stern) remains largely



Table 1: Main Particulars of the different designs BASIC DESIGN ALTERNATIVES
2600 3500 4100 TUD4100
Length 0.a. [m] 26.70 35.70 41.70 41.70
Length waterline [mi 23.40 31.60 36.90 38.20
Beam moulded {m] 5.80 5.80 5.80 5.80
Depth moulded {ml 3.35 3.35 3.35 3.35
Draugnt midships [mj 1.62 1.46 1.38 1.43
Displacement [kN] 970 1058 1115 1115
Deadweight [kN] 170 170 170 170
Speed [knotst 25 25 25 25
Total engine power [kw] 2000 1446 1500 1536
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Figure 3: Lines plan for the “3500" and "TUD4100" design aiternatives

unchanged to that of the basic design for each design
alternative concerned.

All enlarged alternatives are shown in Figure 2 along with
the base boat configuration. The main design particulars for
the alternative designs are shown in Table 1. A simple lines
pian is shown for the “3500" and “"TUD4100" with highly
different bow shape in Figure 3.

The reasoning behind the new bow-shape for the Enlarged
Ship Concept is that the non-linear behaviour of the vessel
to a large degree originates from dynamic lift forces and
wave exciting forces. The magnitude of the dynamic lift forces
is directly related to the change of momentum of the on-
coming flow and therefore to the change in added mass of
the sections while being sub- and emerged at high forward
speed due to non-smalil relative motions. The mechanism is
explained in detail by Keuning (1994).

The same holds true for the wave exciting forces which were
by means of comparing measurement and calculations found
to pe highly dominated by the Froude-Kriloff component
when calculated by integration of the undisturbed wave
pressure over the actual momentary submerged volume of
the ship sections whilst the ship is performing non small
relative motions with respect to the waves.

The way sought to diminish these non-finear effects is by
reducing both the change in added mass of the sections
and the submerged volume of the sections whilst performing
large relative motions with respect to the waves. Also deck
submergence and bottom emergence should be avoided as
much as possible, because they lead to abrupt changes in
both. This obviously leads to reducing volume and flair in
the sections as much as possible, both below and above the
waterline, whilst increasing depth and freeboard as much

FAST '97 PAPERS 203
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Figure 5: Sinkage and trim. Calculated and measured resulfs

as "acceptable”. An ultimate design exploitation of this
concept could lead to a “wave piercing bow”. However,
this idea was not further evaluated because of lack of general
acceptance by the foreseen ship-owners. Also an “axe-
shaped bow” (ie. high positive deck sheer and downwards
sloping bottom contour), was not further developed in this
stage for the same reason.

As stated by Keuning and Pinkster (1995) and shown in
Table 1, is that the larger the design the relatively lighter the
ship becomes and to a lesser degree the lower the engine
power becomes to propel the vessel at a constant speed of
25 knots. Again, it should be noted, however, that the “base
design” is somewhat over-dimensioned with regard to
scantlings in view of the working boat philosophy of the
designing yard.

4 SHIP RESISTANCE

Vessel resistance, trim angle and rise of centre of gravity
(cog), for all modeis are measured for different speeds in
calm water in the range from 10 to 30 knots approximately.
The same is calculated with the program FASTSHIP for planing
hull forms. The results are shown in Figures 4 and 5 and
confirm the tendencies as shown in Reference [1]. Model
and calculation results show good agreement for the
resistance and reasonable agreement for the sinkage and
trim. Of particular interest of the ESC resistance curve when
considering the design as a patrol boat is the diminishing
existence of a “hump” in the resistance curve, which is quite
favourable for a ship to be used at two rather separated
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speeds, ie. a cruising speed of about 12 knots and a design
speed of 25 knots.

Therefore the advantage of the Enlarged Ship over the smailer
ones with respect to resistance and trim remains.

5 SHIP MOTIONS

The experiments with the models of the designs in waves
are carried out in the large towing tank of the Delft Ship
Hydromechanics Laboratory. The dimensions of this tank are:
length 145 metres, width 4.5 metre and water depth 2.5
metre. The tank is equipped with a hydraulicaily actuated
wave generator of the hinged flap type. The towing carriage
is capable of attaining speeds up to 8 m/sec.

Ship motions are measured for all models in irregular waves
at a forward speed corresponding to the full scale design
speed of 25 knots. Four wave climates have been selected,
based on data derived from the Ocean Wave Statistics,
Hogben and Lumb (1967), for carrying out the comparison.
These are:

1) Tp = 5.3 5 H1/3= 1.26 m : a condition most frequently
encountered at the North Sea,

Tp = 8.4 s H1/3= 2.95 m : a condition exceeded only
5% of the time on the North Sea

Tp = 5.9 s H1/3= 1.29 m : a condition most frequently
encountered in the Caribbean

Tp=10.45 H1/3= 5.5 m : a condition exceeded only 10%
of the time in the Caribbean



The conditions 1 and 3 were considered to be so close
together that they have been combined in order 0 reduce
the number of tests t0 be carried out. The spectra used in
the experiments are shown in Figure 6. These spectra are
numbered condition 1, 2 and 4 respectively.

Specral densites of iTeguiar waves

e Cond. 1. M1732126m. Tm=53738
———— Comt 2H1/3=295m, Tm=438s |
—— Cond 4. H1A =196 m Tm=1043s !

Spaclial denalty (mzl(md/s))
N

20 25

@ (rad/s)

Figure 6: Spectra used in the experiments.

Ship motions heave and pitch and the vertical accelerations
in three different locations along the length of each model,
ie. the wheelhouse , the vessel Centre of Gravity in loaded
condition (cog) and the forepeak are measured. Since the
aim of the measurements is to differentiate between the
different design concepts on a basis of occurrence of
extremes in the vertical accelerations, the number of tests-
runs in each spectrum has been increased to at least 12,
meaning an average encounter between ship and waves of
at least 500 waves. Each run has been executed in a different

Figure 7: Weight distribution TUD4100 and vaiues radii of gyration.

part of the spectrum realisation, but for each mode! the same
parts of the realisations have been used to ensure a basis for
comparison as similar as possible.

Before carrying out the experiments an analysis has been
made of the weight distribution over the length of the various
ESC designs in order to asses the differences in the
fongitudinal radii of gyration. From this analysis it was found
that the radius of gyration of these patrol boat is generally
lower than expected or used in the motion calculations. As
expected in particular the largest £SC , ie. the TUD 4100,
has a considerable lower radius of gyration than the generally
assumed 25% of LOA. Obviously this lower radius has a
significant impact on the natural periods of pitch of the
various design variations. In Figure 7 the calculated weight
distribution of this ship is presented and in the associated
table the various radii for the other designs as used in the
experiments and in the calculations are presented.

The results for the heave and pitch motions are presented in
Figure 8 in the format of significant values on a basis of the
three respective spectra, these being sorted on increasing
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Figure 8: Ship motions and vertical accelerations.
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significant wave height, in wnich the measurements have
been carried out.

As mav be observed from these results the differences in
heave benween the differant models are small and for the
pitch motion somewnat bigger both favouring the larger
ships. The general trends of these results of the significant
values of the motion amplitudes are quite well reproduced
by the calculations, in particular by the linear ship motion
code SEAWAY.

In Figure 8, also the significant vertical accelerations and the
average of the highest three peaks measured during the
totai tests duration of ail runs combined in the wheslhouse
and in the bow, are presented for the three specira.

It should be emphasisad that all results are presented using &
horizontal scale therefore this includes a change in significant
wave height as well as peak period. of the spectrum! From
these plots it is obvious that the TUD 4100 ESC has significant
lower values for the peaks at the wheslhouse in all conditions,
aven though the difference in significant values between the
three designs is much more marginal.

As far as the vertical accalerations in the bow are concerned,
it should be reaiised that these are also dependent on the
distance between the point of observation and the centre
of gravity of the ship, which is evidently larger for the ESC.

The acceleration levels are both calculated with the finear
code (SEAWAY) and non linear codes (FASTSHIP), developed
at the Delft University of Technology, Ship hydrodynamics
Laboratory. Once again the significant.values are quite
adequartely predicted by the linear code but the extremes
are only properly predicted by the non-linear code. The results
are snown in Figure 8 and confirm the tendencies as obtained
from the measurements and also correspond with the results
shown by Keuning and Pinkster ( 1895).

Considering the assumption that the workability of a fast
vessel in waves is strongly dependent on the avoidance of
unacceptable high peaks in the vertical accelerations, the
improvement obtained by using the ESC with the modified
bow is most clearly demonstrated by the results plotted in
Figure 9.

In Figure 9, the magnitude of the peaks of the vertical
accelerations in the whealhouse for three of the design
concapts, ie. the “2600”, the “3500" and the "TUD4100",
is plotted on a basis of percentage of exceedance. For each
model, aiso the assumad Rayleigh distribution of these peaks
is plotted for the sake of reference. The level of deviation
between the measured distribution from the Rayleigh
distribution originates from the non-linearity of the system.

From these plots, it is obvious that, considering a given
“threshold” value of the allowable peak of the vertical
acceleration, these are rather more frequently encountered
in the case of the “3500" and even much more frequently
so with the “2600” when compared with the “TUD4100".
Also the non-linear behaviour of the “2600” and to & lesser
extent of the "3500" is clearly demonstrated by these plots.
The ratio between the significant value (approximately 13.5%
probability of exceedance) and the maximum value (for
instance 0.1% probability of exceedance) is shown to be
strongly dependent on this non-linear behaviour and
therefore, on the particular design under consideration.

Ship motion calculation codes based on linear theory are
not capable of predicting such differences. From calculations
carried out with the non-tinear FASTSHIP code it turned out
that the trends may be predicted although the absolute
vaiues may still differ.
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Figure 9: Percentage of exceedence of vertical accelerations in
wheelhouse

The differences presented between the alternative designs
in Figure 9 have an enormous impact on the workability of
the vessels. Mowever time did not permit calculations of these
differences for a given mission profile in the scope of the
present study.

6 ECONOMIC EVALUATION

In order to make an economical evaluation the building costs
of the different design alternatives have been estimated.
These were sstimated using the original buiiding costs of
the “2600" (of which all costs components were known)
and correcting this for changes in steel weight of the hull
and extra painting costs (ie. cleaning, preparation and
painting). The differences in buiiding costs are indexed with
regard to the "2600” in Table 2. Note the low increase in
building costs of approximately 3% per 25% increase in
vessel length.

The operational costs of all the design alternatives are
considered for a scenario of a ten year economic life, saiiing
six hours per day at full speed, seven days a week for 48
weeks per year and crewed by five person (three shifts per
24 hours). The differences in operational costs are indexed
with regard to the “2600" in Table 2. Note the relatively
high decrease in operational costs of approximately 5% for
design alternative “3500". This decrease is less dramatic in
the case of the “4100" design alternatives (ie. 7%).

The transport efficiency (TE) ~ defined as (payload(kN)*
service speed(m/s))/installed power (kW) - has been
calculated for all four designs.

The differences in TE are indexed with regard to the "2600"
in Table 2. Note the relatively high increase in TE of
approximately 38% for “3500" design alternative.



Table 2: Main resuits of the £CONOMIC CaICUIaTtioNs BASIC DESIGN ALTERNATIVES .
2600 1 3500 i 4100 i TUDA4100 :
| Length index L imi | 1.00 1 1.35 138 1.58
Buiiding ccsts index | (mi 1.00 | 1.04 i 1.06 ! 1.07 i
Qoerauonal costs . L imi 1.00 | 9.85 | 0.93 | 0.93 !
Transoort efficiency i {mi i 1.00 } 1.38 ! 1.33 | 1.30 ;
CONCLUSION 1 A KEUNING

Given the four designs presented in this paper, aiong with

the wave scatter environment, seakeeping criteria and the

patrol boat mission orofile, the following conclusions are
drawn with regard to the enlarged ship concept (see also

Table 2):

M Conclusions given by Keuning and Pinkster (1995), are,
on the whole, well supported by the results presented
in this paper.

M in order 0 minimise the non-linear behaviour of a fast
monohuil in waves various design options are available,
such as £SC, bow modifications atc.

M Optimisations with respect to workability, using fimiting
criteria based on significant values of vertical
accelerations, may lead to erroneous resuits.

Peak values of the vertical accelerations should be used
rather than significant values.
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